Ocular higher-order aberrations, age and refraction by Hartwig, Andreas & Atchison, David
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Atchison, David A. & Hartwig, Andreas
(2016)
Ocular higher-order aberrations, age and refraction. In
Rozema, Jos J. (Ed.)
Proceedings of the 8th European Meeting on Visual and Physiological Op-
tics, University of Antwerp, Antwerp, Belgium, pp. 118-120.
This file was downloaded from: http://eprints.qut.edu.au/103134/
c© Copyright 2016 [please consult the author]
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
Ocular higher-order aberrations, age and refraction 
Andreas Hartwig
1
* and David A. Atchison
2 
1
Hartwig Research Center, Heikendorf, Germany 
2
 Institute of Health & Biomedical Innovation and School of Optometry & Vision Sciences, 
Queensland University of Technology, Kelvin Grove Q, 4059 Australia 
*Corresponding author: andreas.hartwig@firma-hartwig.de 
We analysed effects of age and refraction on higher-order aberrations. Higher-order 
aberration data of 339 right eyes from an optometric practice were analysed using the 
i.Profiler. Significant correlations of age were found with horizontal trefoil, horizontal 
coma, oblique secondary astigmatism, and spherical aberration coefficients. The largest 
contribution of age to an aberration was 9% for spherical aberration in hyperopes. Age 
affected 4
th
 order RMS aberrations more in hyperopes than in myopes. When analysing 
relationships between higher-order aberrations and age, refraction should be taken into 
account. 
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Introduction 
The role of higher-order aberrations of the human eye is discussed widely and various concepts are 
considered that aim to improve optical solutions, e.g. correction of higher-order aberrations in 
keratoconic eyes [1] and corneal refractive surgery algorithms [2]. Also, the role of higher-order 
aberrations is discussed in the context of myopia development [3]. A detailed understanding of 
distributions of higher-order aberrations in relation to age will be helpful for the application of 
higher-order aberration data. Higher-order aberration data have been described in large populations, 
e.g. [4, 5], and as a function of age [6]. Berrio et al. [6] found with 46 eyes that horizontal coma, 
oblique trefoil and spherical aberration increase with age, and vertical coma and oblique trefoil 
decrease with age. Besides changes with age, information about different refractive error groups is 
important. Therefore, the purpose of this study was to analyse higher-order aberrations as a function 
of age separately for myopic and hyperopic eyes. 
Methods 
Higher-order aberrations of 339 right eyes were analysed retrospectively. Measurements were 
performed in an optometric practice using the i.Profiler (Carl Zeiss Vision, Aalen, Germany). 
Aberrations were described in terms of Zernike coefficients up to the 7
th
 order. There were 230 
myopes (refraction ≤ ‒0.50 D) and 109 hyperopes (≥ 0.50 D). The mean age ± standard deviation of 
the myopes was 37 ± 17 years (median 38 years), ranging from 4 to 80 years. For the hyperopic 
group the mean age was 42 ± 21 years (median 46 years) and ages ranged from 4 to 79 years.  
Aberration data of right eyes were analysed using Matlab 2008 (The Mathworks Inc., Natick, MA, 
USA). Higher-order aberration data were exported from the i.Profiler and extracted by a customised  
Matlab script. Aberration coefficients were scaled to those for a 4.5-mm pupil [7].  
Results 
Figure 1 shows Zernike aberration coefficients as a function of age for horizontal trefoil, horizontal 
coma, oblique secondary astigmatism and spherical aberration. For myopes, the slopes of linear fits 
were statistically significant for horizontal trefoil, horizontal coma and oblique astigmatism, such 
that age explained 3%, 8% and 2% of variation for these respective aberrations. For hyperopes, the 
slopes of linear fits were statistically significant for horizontal trefoil, horizontal coma and spherical 
aberration, such that age explained 7%, 7% and 9% of variation for these respective aberrations. 
There were no significant effects of age for other aberrations. For vertical coma, horizontal coma 
and oblique secondary astigmatism, the slopes were similar for myopes and hyperopes, but for 
spherical aberration the slope for hyperopes was more than double that for myopes. 
Figure 2 shows 3
rd
, 4
th
 and total (3
rd
 to 7
th
 order) higher-order root-mean-square aberrations (RMS) 
as a function of age. All slopes of linear fits were statistically significant. For myopes, age 
explained 7%, 5% and 10% of the variation in 3
rd
 order, 4
th
 order and total higher-order RMS, 
respectively; the corresponding values for hyperopes were 14%, 17% and 21%. For 3
rd
 order RMS 
and total higher-order RMS the slopes were similar for myopes and hyperopes, but for 4
th
 order 
RMS the slopes were higher for hyperopes than for myopes.  
Berrio et al. [6] found increase of horizontal coma with age, but it decreased in our study for both 
myopes and hyperopes. Llorente et al. [8] analysed age dependencies in a younger age group of 23 
to 40 years with much smaller numbers (24 myopes and 22 hyperopes) and found a marginally 
significant correlation between age and spherical aberration for hyperopes, but not for myopes. 
 
 
Figure 1: Aberration coefficients as a function of age: (top left) horizontal trefoil; (top right) horizontal 
coma; (bottom left) oblique secondary astigmatism; (bottom right) spherical aberration. Green symbols and 
lines are data and fits for myopes and blue symbols and lines are data and fits for hyperopes. 
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myopes: f(x)=-0.0008x - 0.009, r=-0.17, p=0.008
hyperopes: f(x)=-0.001x + 0.003, r=-0.26, p=0.007
myopes: f(x)=-0.00096x + 0.03, r=-0.28, p<0.01
hyperopes: f(x)=-0.0009x + 0.02, r=-0.26, p=0.01
myopes: f(x)=0.0002x - 0.005, r=0.14, p=0.04
hyperopes: f(x)=0.0001x - 0.002, r=0.11, p=0.27
myopes: f(x)=0.0004x - 0.0008, r=0.11, p=0.09
hyperopes: f(x)=0.0009x - 0.0003, r=0.3, p=0.002
  
Figure 2: RMS aberrations as a function of age: (top left) 3rd order; (top right) 4th order; (bottom) total 
higher-order. Green symbols and lines are data and fits for myopes and blue symbols and lines are data and 
fits for hyperopes. 
Conclusions 
A few aberrations were significantly, but lowly, correlated with age: horizontal trefoil, horizontal 
coma, oblique secondary astigmatism and spherical aberration. The highest contribution of age was 
9% for hyperopes and spherical aberration. The effect of age was higher with hyperopes than 
myopes for 4
th
 order RMS, although not for 3
rd
 order RMS and total higher-order RMS. When 
analysing relationships between higher-order aberrations and age, refraction should be taken into 
account. 
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myopes: f(x)=0.0013x + 0.098, r=0.27, p<0.001
hyperopes: f(x)=0.0013x + 0.102, r=0.37, p<0.001
myopes: f(x)=0.0005x + 0.051, r=0.22, p=0.001
hyperopes: f(x)=0.0008x + 0.048, r=0.41, p<0.001
myopes: f(x)=0.0015x + 0.117, r=0.31, p<0.001
hyperopes: f(x)=0.0018x + 0.116, r=0.46, p<0.001
